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Foreword 

The Adminis t ra tor  of the National Aeronautics and Space Ad- 
minis t ra t ion has  established a technology utilization p rogram fo r  
"the rapid dissemination of information . . on technological devel- 
opments. .  .which appear  to be useful for  general  industr ia l  appli- 
cation. I '  F r o m  a var ie ty  of sources ,  including NASA Resea rch  
Centers  and NASA cont rac tors ,  space-related technology is col- 
lected and screened;  and that which has  potential indus t r ia l  use 
is made generally available. Information f r o m  the nation's space 
program is thus made available to Amer ican  industry,  including 
the la tes t  developments in  ma te r i a l s ,  p rocesses ,  products ,  tech- 
niques, management sys tems,  and analytical  and design proce-  
dures .  This publication is par t  of a s e r i e s  intended to  provide 
such technical information. I t  was  prepared  f r o m  m a t e r i a l  suppl- 
ied by the Langley Resea rch  Center, the IIT Resea rch  Insti tute , 
and the Arthur  D. Little Co. 

The Direct  o r  of Technology Utilization 
National Aeronautics and Space Administration 

This document  was  p r e p a r e d  under  the sponsorsh ip  of the National Aeronaut ics  and Space Adminis t ra -  
tion. Neither the United States  Government ,  nor  NASA, nor any p e r s o n  act ing in  behalf of NASA: (A) m a k e s  
any warran ty  or representa t ion ,  e x p r e s s  or implied,  with r e s p e c t  to the a c c u r a c y ,  comple teness ,  or u s e -  
fu lness  of the  Information contained in th i s  document ,  or that  the use  of any information,  appara tus ,  method,  
or process  disclosed i n  this  document may not infr inge pr ivatelyowned r igh ts ;  o r  (B) a s s u m e s  any l iabi l i t ies  
with respect  to the  u s e  of, o r  damages  resul t ing f r o m  the u s e  of, any information,  appara tus ,  method,  or 
p r o c e s s  disclosed in th i s  document. 

F o r  sa le  by Office of Technical  S e r v i c e s ,  Department  of C o m m e r c e ,  
Washington, D. C. 20230--Price $ 0. 50 
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The Retrometer: A Light-Beam Communications System 

Summary 

A new sys tem of voice communications transmitted on a beam of light is de- 
scribed. It differs f r o m  prior  systems i n  that  the originating station r equ i r e s  
no power other than that of the human voice. The advantages and limitations 
of the Retrometer  a r e  briefly discussed, and some potential applications a r e  
analyzed. A detailed description of an experimental model is  given, so  that 
interested persons can construct a working model for  experimentation and 
development. 

1 .  introduction 
During an investigation of optical methods that might be applied to  com- 

munications between ground and a reentry vehicle during the radio- blackout 
period, and between rendezvousing space vehicles,  a novel communications 
sys tem was devised by Numa E. Thomas, of the Langley Research Center. 
This sys tem appears  to have applications other than in space,  and indeed 
could be used f o r  applications other than voice communication. The purpose 
of th i s  paper is  to  describe this system, summar ize  the character is t ics  ob- 
served in prel iminary development, and outline sufficient detail of i t s  con- 
struction as to permit  others  to  build experimental models f o r  fu r the r  devel- 
opment. It i s  hoped that this sammary  of a relatively undeveloped concept 
will challenge others  to  fur ther  investigation and measurement.  

Figure 1 .  
ed beam. 

Source/receiverunitat lef t  above transmitsa beamof l ight  and alsocollects anddemodulatesreflect- 
Corner-reflector uni t  a t  r ight has one flexible ref lect ing surface that i s  acoustically deflected. 
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The Retrometer---given this name because the light beam over which 
voice signals a r e  sent i s  returned directly t o  i t s  source by a corner  ref lector  
---consists of three major  functional par ts :  a light source,  a co rne r  ref lector ,  
and a light-collection system. The light source and the light-collection sys-  
t e m  a r e  housed in one unit, the sou rce / r ece ive r  unit. The co rne r  ref lector ,  
which acts a s  the microphone in this communications system, is a passive 
modulator unit, requiring no power other than the human voice. 

2.  Technical Description 
The source / r ece ive r  unit consists of a source of light with provision fo r  

focusing i t  into a narrow beam; optics for  collecting reflected light and direct-  
ing i t  on a photosensitive cell; and an audio amplifier and speaker.  The co rne r  
reflector has three mutually perpendicular reflecting surfaces ,  and these 
have the unique ability of returning a light beam eract ly  to  i t s  source.  In 
other words, the three reflecting sides of a corner  a r e  able to r e tu rn  a n  inci- 
dent light beam to i t s  source even though the corner  is not as  accurately or i -  
ented a s  a single m i r r o r  would have to  be. 

Figure 2. Withno signal impressed on corner reflector, the return beam i s  uniform, above. 
But when the diaphragm vibrates acoustically, the return beam i s  modulated accordingly, below. 
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Two of the sur faces  in  this corner  reflector a r e  rigid f ront -sur face  mi r -  
r o r s  and the third is a flexible, highly reflective diaphragm. The flexible 
surface,  vibrating acoustically in  response to the human voice,  slightly dis-  
places  the returning light beam and thus modulates it.  Information i s  thus 
c a r r i e d  on the reflected beam in such a manner that the energy pe r  unit a r e a  
falling on the collecting optics and the photocell va r i e s  in  proportion to the 
modulation impressed  on the flexible surface of the co rne r  ref lector .  The 
photocell converts  the fluctuations of the reflected beam into an e lec t r ica l  
output that is amplified and converted intosound by the amplif ier  and speaker .  

Although major  performance charac te r i s t ics  of the Ret rometer  have not 
been fully explored a t  this  writing, the basic capability h a s  proved impress ive  
in  Langley t e s t s .  An init ial  laboratory model provided excellent communica- 
tion in  ful l  daylight at  dis tances  up t o  a mile  on a 25-watt light source.  A 
m o r e  compact model was constructed fo r  the expres s  purpose of demonstrat-  
ing the principle. This model, which i s  the one shown in the accompanying 
i l lustrat ions,  u ses  only a six-watt bulb. It provides sat isfactory voice com- 
munication a t  dis tances  up to  200 feet. 

Other charac te r i s t ics  noted include substantial  insensit ivity to  prec ise  
aiming of the passive modulator unit, t o  thermal  gradients  in  the atmosphere,  
and to a high level  of ambient light. The f i r s t  is  of course  explained by the 
optical charac te r i s t ics  of a corner  reflector.  In prac t ice ,  i t  was found that 
the co rne r  ref lector  may be off axis  by as much as 20 degrees  without notice- 
able loss  of volume. Refract iongradients  undoubtedlydo bend the beam in  pass-  
ing f r o m  the source to  the ref lector ;  but since the returning light encounters 
the same gradients  i n  the opposite direction, the effects a r e  self-compensating. 
As to  operation in ambient light, the level of light may be high in daytime but 
i t  i s  re la t ively unchanging compared t o  voice frequencies;  the rece iver  sys tem 
thus is  able t o  separa te  the modulated component f r o m  the bright but compara-  
tively unchanging ambient light. 

The sys t em is of course  line-of-sight i n  cha rac t e r ,  although, in fixed- 
s i te  installations,  an intervening m i r r o r  might be used to effect a n  angular 
path. The presence of smoke, fog, o r  dust does not cause fa i lure  until suffi- 
ciently dense to  dec rease  the round-trip energy below the r ece ive r  threshold.  
Windows o r  g lass  parti t ions do not noticeably in te r fe re  with communications. 
When the diaphragm surface of the reflector is dis tor ted by input signals,  the 
r e tu rn  beam i s  par t ly  deflected f r o m  a paral le l  path and d ispersed .  The net 
effect of this  deflection and dispers ion i s  to vary  the energy received by the 
collecting optics in  proportion to the distortion of the flexible diaphragm. The 
prec ise  cha rac t e r  of the modulated wave front  was not determined.  The ef- 
fective percentage of modulation is, apar t  f r o m  the amount of input, a function 
of the dis tance between source / rece iver  and ref lector :  when the distance is  
shor t  the percentage of modulation is low. As distance inc reases ,  the pe r -  
centage of modulation a l so  inc reases ,  which in  effect i nc reases  sensitivity. 
This  is useful because it tends to compensate fo r  the reduction in  re turned 
energy caused  by distance. 
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3. 
Relatively undeveloped as presented  in  this  r epor t ,  the Ret rometer  can  

obviously be refined through many different approaches.  Such development 
might naturally a r i s e  f r o m  adaptation of the concept to  a var ie ty  of specific 
applications. F o r  example,  various types of collecting optics,  including F r e s n e l  
lenses ,  might be used for  experimentation and development. See Fig.3 fo r  
two variant designs of collecting optics that  might have special  mer i t .  

Potential Variations in Retrometer Design 

Photo - Primary Mirror 
detector A- 

Corner Reflector - 

Secondary Mirror Light 
Source 

---I---+ 

Corner Reflector - 
Photo - detector 

Light Source 

Col lect ing Mirror 

Figure 3. Alternate forms of co l lec t ing  optics are developmental possibilities for use i n  special appl icat ions. 

In the same manner  different sources  of energy, including those in the 
microwave, infrared,  and ultraviolet  portions of the spec t rum,  could be in- 
vestigated. F o r  sophisticated long-range sys t ems  the use of a l a s e r  as a 
light source might well be examined. Again, various types of photodetectors 
could be explored, including the use of photomultipliers.  A number of r e l a -  
tively simple development ideas  a l so  suggest themselves:  a protective but 
t ransparent  cover for  the co rne r  re f lec tor ,  var ious ma te r i a l s  fo r  the flexible 
surface,  e lectrostat ic  or  mechanical r a the r  than acoustic dr ive  f o r  the flexible 
surface,  and var ious a r rangements  of e lements  to prevent acoust ic  feedback, 
including feedback f r o m  the speaker  to the light f i lament.  

Another obvious a r e a  for  investigation would be the use of modified equip- 
ment  to permi t  two-way communication, mos t  probably by mounting a co rne r  
reflector with each of two o r  more  source /  r ece ive r s .  Here  development 
effort  could determine the degree  of need for  a push-to-talk c i rcu i t  that  would 
extinguish the light source of the l i s tener ,  preventing it f r o m  desensit izing 
the other unit. An additional a r e a  fo r  inquiry would be to investigate other 
than coaxial mounting of the elements  on the sou rce / r ece ive r  unit. Side-by- 
side mounting of the two optical sys tems might be tes ted ,  as  well as a r r ange -  
ments  of receiving lenses  disposed around the projecting lens.  

4. 
Experience with models constructed so far suggests  that  the Ret rometer  

has  cer ta in  basic advantages and l imitat ions,  some of them susceptible to 
modification by fur ther  development work. 

Advantages and Disadvantages of the Retrometer 



Among the mer i t s  a r e  these:  
Low cost ,  par t icular ly  fo r  the corner  ref lector  o r  spiaking station; 
No power required a t  the speaking station; 
Pr iva te  communications,  since the return signal is confined to a nar row 

0 No need f o r  prec ise  pointing of the corner re f lec tor ,  a m a r k e d  advantage 

Easy  selection of a number of stations f r o m  a cent ra l  point without switch- 

beam and could be intercepted only with g rea t  difficulty. 

over  p r io r  l ight-beam communications sys tems;  and 

ing mechanisms.  

The chief l imitations a r e  those inherent in  one-way communication: diffi- 
culty in  a ler t ing an inattentive station, inability of the source /  rece iver  station 
t o  question remote  stations specifically, and at  a remote station the psycho- 
logical drawback upon the speaker  of being uncertain that his  t ransmiss ion  is  
received. 

In some applications, notably those at long range where the exact location 
of the remote corner  ref lector  i s  not known, the problem of acquisition (i. e. , 
of finding the ref lector  and establishing communication) may present  a problem. 
To aid i n  acquisit ion the beam may be somewhat defocused to  increase  the 
probabili ty of hitting the ref lector ,  though at  ex t reme ranges defocusing exacts  
i t s  penalty by decreasing available energy. Again, during scanning for  acqui- 
si t ion,  the operator  of the corner  reflector may need to be continuously send - 
ing a signal, since the beam could otherwise sweep by without detecting h i s  
presence.  Acquisition is  of course  no problem in the case  of fixed-site in- 
s tallations . 

5. 

in  many a r e a s .  

Some Potential Applications for the Retrometer 
Successful development of sys tems based on this  principle might find use  

Among mi l i ta ry  applications a r e  a i r -  s e a  r e scue  operations;  a i r - to-  sea ,  
ship-to- ship, and ship-to- shore communications; air refueling operations;  
tact ical  communications; and clandestine operations.  Certain aspects  of the 
Ret rometer  make i t  inviting in severa l  of these applications, notably the fact  
that i t s  communications a r e  secure ,  that it causes  no s t r ay  electromagnetic 
radiation, and that the corner  ref lector  could readi ly  be parachuted o r  packed 
in  life r a f t s  and survival  ki ts .  

Among commerc ia l  applications a r e  surveying; use on construction . s i tes  
(par t icu lar ly  those where radio t ransmissions a r e  interdicted by blasting op- 
e ra t ions ,  or  rendered difficult by steelwork o r  tunnels);  use in s tee l  mi l l s ,  
where high noise levels  and radio-frequency interference a r e  problems;  light- 
plane - to- tower communications; communications during spec ia l  events and 
polit ical  conventions; and emergency situations, including fo re s t  f i r e s ,  ship- 
wreck,  and other d i sa s t e r s .  

Among space applications a r e  rendezvous and docking, emergency com- 
munications,  and optical  te lemetry.  
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Figure 4. Among them are audience participation, ground-to-air 
communications, s p c e  Communications, communications o t  construction sites, and telemetry of moving machinery. 

A variety of applications can be envisioned. 
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It should be pointed out that the Retrometer  is by no means l imited to  
voice communications. A number of applications may  be conceived where the 
Ret rometer  might s e rve  as means of telemetry.  F o r  example,  a remote wind- 
velocity sensor  may be envisioned. If a ribbon fastened a t  one end is exposed 
to  the wind, the f r e e  end vibrates  a t  a frequency that i s  a function of wind ve- 
locity. The corner  ref lector  might be coupled to  the fixed end of a ribbon s o  
that the frequency of the r e tu rn  signals could be converted into a reading of 
wind velocity. Other re la ted applications might include analysis of vibrations 
of moving equipment, or  te lemetry of hear t  and resp i ra t ion  r a t e s  of animals  
o r  humans without the rest r ic t ions on free movement caused by trail ing wires .  

Another a r e a  where the Retrometer  might find highly imaginative use is  
in highway traffic control. It i s  conceivable, f o r  instance,  that highway au- 
thori t ies  might give instruct ions or advice to  motor i s t s  by modulating m e s -  
sages  on corner  re f lec tors  installed at special points along highways, provid- 
ing information on special  road conditions ahead o r  issuing speed warnings.  
Possibly a c a r ' s  headlights might serve as the light source.  As to the diffi- 
culty that only equipped c a r s  would receive such messages ,  this  would ulti- 
mately be solved only by factory installation, although garage installation on 
existing c a r s  might be feasible.  An inter im measure ,  however,  can be en- 
visioned in  the f o r m  of I'loanerl' rece ivers  that  might be quickly fitted to c a r s  
a t  en t rances  of long toll  roads,  and returned at exits.  

Two of the possible applications of the Ret rometer  have at t racted special  
in te res t  in analyses  of possible uses  that have been made so  far. These a r e  
lightplane-to- tower communications, anduse for  audience participation-- ques- 
t ions f romthe  floor---in large meetings.  In the f o r m e r  case  the concept would 
be a n  easy  extension of the system, already in use  fo r  traffic control  of planes 
without radios ,  of red  and g reen  light guns that send landing-instruction signals.  
Fu r the r ,  since many lightplanes have radio r ece ive r s  only, a combination of 
an  inexpensive Ret rometer  reflector i n  the plane and radio rece iver  would in  
effect pe rmi t  two-way communication with the tower.  In all a i rc raf t ,  more -  
over ,  including those with full  electronic gea r ,  a Ret rometer  ref lector  could 
provide emergency back-up in  case  of radio fai lure .  

In the audience-participation use,  it i s  envisioned that lightweight and low- 
cost  re f lec tors  would be distributed through the auditorium, perhaps chained 
to seat  backs. By directing the source / rece iver  a t  anyone standing up on the 
f loor ,  a pe r sona t  the ros t rumcould  select and receive questions o r  comments.  
I t 's  worth noting that h e r e  a lso there  is the effect of two-way communications,  
the publ ic-address  sys t em in  the auditorium serving as the other link. 

6. Prior Related Systems 
The simple use of mir ror - re f lec ted  sunlight for  communications is  of 

course  very  old. Greek soldiers  used m i r r o r  signals in the pre-Chr is t ian  
e r a ;  the Bri t ish Army used the mechanically ingenious heliograph for  code 
signals during the conquest of India. The basic principle of audio t r ansmis -  
s ion by modulated light beams appears  to have been originally conceived by 



Figure 5 .  The Bell Photophone of 1880 appears to have been the first patent for voice communication by l igh t .  

Figure 6. Inthisrelat ivelyrecent potent, the Sun i s  the l ight source. The corner-reflector concept i s  not used. 
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Alexander Graham Bell. A patent f o r  a "Photophone" was issued to h im in 
1880, although the rudimentary nature of h i s  apparatus  (F ig .  5 )  leaves r e a -  
sonable doubt as to i ts  effectiveness. 

Since that t ime a number of patents have been issued that represent  ap- 
parent  refinement or  improvement on the concept. With one exception, how- 
eve r ,  all such patents requi re  a power supply at each station in the system. 
The exception is a "Beam Communication System" patent issued to R. B. 
McFarlane in  1962, where a remote speaking station i s  voice-powered. It 
does requi re  the sun a s  a light source, however, and therefore  retains a sub- 
stantial limitation on f reedom of use. 

The Ret rometer  i s  believed to be alone among light-beam communications 
sys tems in offering a simple, convenient, and inexpensive device at  one t e r m -  
inal. 

7. 
The experimental  Retrometer  shown in F igs .  7 to 11 can be constructed in 

any smal l  e lectronics  and optical shop. Many of the details a r e  noncritical 
and c a n b e  varied according t o  des i r e  and facilities. The model he re  de-  
scr ibed,  whichis the second model developed at  the Langley Research  Center, 
has  been found to be convenient, portable, and effective up to ranges of severa l  
hundred feet. 

Description of an Experimental Retrometer 

The complete Retrometer  system, shown in F i g .  7, consis ts  of a bat tery 
case ,  the sou rce / r ece ive r  unit, and the corner-ref lector  unit. In the bat tery 
case ,  which may for convenience be a camera-equipment bag with shoulder 
s t rap ,  a r e  five 1.35-volt mercury  cells to power the light source,  and a 9 -  
volt bat tery to  power the t ransis tor ized amplifier. A four-wire  cable and plug 
connect the bat tery case  to the source / rece iver  unit. 

Figure 7. 
l ight, compact, and simple to use. 

k i l t  by Langley Research Center for the purpose of demonstrating the principle, this Retrometer i s  
I t gives communication to 200 feet an the energy of  one six-watt bulb. 
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The source / r ece ive r ,  shown i n  exploded view in  Fig. 8, consists of three 
functional subassemblies: the light source,  the light-collecting unit, and the 
amplifier and speaker. Some notes on each, plus the i l lustrations,  should 
supply sufficient details  fo r  construction. 

Retaining Ring Polarizing Sight Housing 

\ Ring Sight / 
Speaker and 

Solar Cel l  
G r i l l e  Cloth 

Housing Retaining Ring 

Conical Id \ Spe?er 
Receiver Lens 

- Light 

Source 

.w Receiver Lens 

Handle 

7 Volume Control 

pl  i f i e r  

- 
External k t t e r y  Connector / \ External Speaker Jack 

Figure 8. Exploded v iew of the Langley demonstration Retrometer. Many details of the design are noncr i t ical .  

The light source is a 6-watt 6-volt bulb located a t  the focus of a simple 
f /  1 lens 2 inches in diameter.  (Ahighly corrected lens is not essential;  a good 
condenser lens w i l l  suffice. ) The p rec i se  mounting of the bulb in relationship 
to  the lens is a lso uncrit ical  if means is provided t o v a r y  the distance between 
them to widen o r  narrow the beam. Fig. 9 is  a n  exploded view of the light 
source.  The optional infrared f i l t e r  pe rmi t s  operation in  the infrared mode if 
the photoelectric cell  selected responds t o  this radiation. 
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Filter Lens Housing k l b  Housing Bulb Bvlb 
Retainer 

Figure 9 .  Explodedviewaf the light-source subassembly. Optionol infrared f i l te r  helps reduce fluorescent hum. 

The light-collecting unit i s  a simple f . / l  lens 3 inches in  diameter .  If 
facil i t ies a r e  available for  conveniently cutting a 2-inchhole f r o m  i t s  center,  
this pe rmi t s  compact coaxial mounting of the units; if such facil i t ies a r e  not 
a t  hand, more  extended coaxial mounting may be used. In the model shown, 
Langley used a silicon solar cel l  fo r  the photoelectric r e c e i v e r ,  with aneffec-  
tive working a r e a  1 centimeter square. It i s  of course located at  the focusof 

Light 
"Ob 1 

control BR 
speaker 

Figure 10. Schematic diograrn of the source-receiver un i t .  Other amp1 i f ie r  circuits having sufficient gain 
(100 db.) would also serve. Photocell i s  a sil iconsolarcell 1 by 1 crn. in areawi thanoutputof  100 mill iwatts. 
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the collecting lens. Because the solar cel l  used he re  i s  responsive to the in- 
f r a r e d ,  a second inf ra red  f i l ter  was used in front of i t  to reduce the 120-cycle 
hum resulting f r o m  use  indoors under f luorescent  lights. (Equivalent silicon 
photoelectric cells,  with 1 by 2 cm. a r e a  and delivering up to 100 milliwatts 
under ful l  sunlight, may be purchased f r o m  mai l -order  e lectronic  supply 
houses.  ) 

The amplifier i s  a s ix- t rans is tor  audio amplifier having sufficient gain 
(100 decibels) to drive the speaker f r o m  the sma l l  voltages supplied by the 
photoelectric cell. The permanent-magnet speaker i s  2 3 / 4  inches in d iameter ,  
with 8 ohms impedance on the voice coil. An on-off switch, volume control, 
and output jack for  possible use of external  speakers  a r e  provided. 

Detail of 
Adjusting Screw 

/ A l u m i n u m  Mirror Block Mirror 
\ 

, / 

Flexibl e 

Adjusting Screw 

7 Mounting Pins 

. 

Diaphragm 
I 
Q 

Mirrors -a. 

Figure 11. The corner reflector, shown actual size, has two front-surface 1 by 1 inch glass mirrors cement- 
ed to  aluminium mounts, and one ref lect ing surface o f  aluminized Mylar cemented to an aluminum frame. 

The corner  reflector or  passive modulator unit consis ts  of a co rne r  hous- 
ing ( F i g .  11) having three  faces  1 inch by 1 inch in  size. Two of the faces  con- 
s i s t  of front-surface m i r r o r s  cemented to  aluminum backs. They a r e  posi- 
tioned on the housing by pins acting as pivots and by adjusting screws.  The 
l a t t e r ,  in  the model shown, a r e  constructed with a smal l ,  finely threaded sc rew 

16 



inside a l a rge r  sc rew with a slightly coarser  thread. This permi ts  s c rew t rave l  
equal t o  the difference in thread pitches,  and thus allows microadjustment of 
the three  m i r r o r e d  surfaces .  F o r  simplicity, f ine-thread machine screws  
(e.  g . ,  1-72 o r  f iner )  f i t ted with lock nuts might perhaps se rve  for  the delicate 
adjustments  required.  

The third m i r r o r ,  the flexible diaphragm, i s  made of aluminized Mylar 
1 /2  mil thick. This i s  cemented to  a beveled aluminummounting f r ame  that is 
a l so  pivoted and screw-adjusted l ike the other two m i r r o r s .  Because f inger-  
pr in ts  reduce Mylar 's  reflectivity, avoid touching the a r e a  that  is to  be ce- 
mented to  the f rame.  F o r  attachment,  Eastman 910 contact adhesive or  i t s  
equivalent wi l l  se rve .  

Aluminum Frame 

Figure 12. A f ixture or press i s  useful when cementing the My la r  over its frame. 

Because the Mylar must  be tightly stretched over i ts  f r ame  to  eliminate 
surface i r regular i t ies ,  a fixture i s  desirable to  aid the stretching and cement- 
ing operations.  The one shown in Fig. 12 was developed to cement a number of 
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experimental  diaphragms;  a s impler  f ixture  could no doubt be designed. With 
the p re s s  shown in F i g .  12 ,  the following procedure works well: 

a)  Remove c i rcu lar  base,  and place a sheet  of Mylar,  aluminized side 
down, over the base.  

b )  Place the ring over theMylar ,  stretching the sheet evenly over  the top 
of the base. 

c )  Then, bringing the excess  Mylar up over  the ring, add the col lar  and 
bolts to the assembly. Tighten the bolts evenly until the Mylar l o ses  all dim- 
ples and wrinkles.  Cut away excess  sheet  and place the c i r cu la r  subassembly 
on the bottom plate of the fixture.  

d )  Place a thoroughly cleaned aluminum f r a m e ,  beveled side down, under 
the p re s s  and tighten the adjusting knob sufficiently to dep res s  it f i rmly  against  
the Mylar. Leave enough t rave l  to afford space f o r  a sma l l  bead of cement 
and yet enough p res su re  to prevent cement  f r o m  running under the f r ame .  

e )  Using a medicine dropper with a t ip  that has  been drawn down to  a 
small diameter ,  add a bead of cement all around the f r ame .  Then tighten 
until the Mylar i s  drawn up along the bevel of the f r ame .  

f )  Once the bond has  been made,  remove and t r i m  the f r ame .  

Mylar Drawn Taui 
/ 

Mylai 

Aluminum Frame 

Figure 13. These steps (see text )  a i d  i n  cementing Mylor in tout, unwrinkled form. 
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When the sou rce / r ece ive r  and the corner-ref lector  unit have both been 
completed,  i t  is necessa ry  to  adjust  the reflector sur faces  to  prec ise  perpen- 
dicularity.  The following seqaence w i l l  simplify the task: 

a)  Place the corner - re f lec tor  unit in  a holding device. 
b )  P lace  the s*3urce/receiver  i n  another holding device a t  a distance 

g rea t e r  than 30 feet  f r o m  the re f lec tor ,  and a i m  the two units a t  each other.  
c )  Mount white cardboard behind the sou rce / r ece ive r  unit, t u rn  on the 

light source ,  and darken the room. 
d)  Then, without disturbing the a im of the co rne r  re f lec tor ,  adjust 

each reflecting surface to  focus reflections on the c a r d  fo r  minimum light s p i l l  
around the shadow of the sou rce / r ece ive r .  

Operate the source/  rece iver  by turning on the power switch, adjusting the 
beam fo r  a fa i r ly  broad spread,  and pointing i t  at the corner  ref lector .  When 
the ref lector  r e tu rns  the beam and establishes communication, reduce the 
spread  of the beam and adjust  the volume control to a comfortable level. 

Operate  the co rne r  ref lector  simply by aiming it a t  the sou rce / r ece ive r  
unit. When the light beam falls on the reflector,  talk into the perforated hous- 
ing at the r e a r  of the flexible diaphragm. Determine experimentally the volume 
and c ioseness  des i rab le  a t  various ranges. Overmodulation---talking too 
loudly---can cause distortion o r  acoustic feedback at ex t remely  close ranges.  

8 .  Retrorneter Patent Status 
It is  

owned by NASA, and a patent application has  been filed. When patented, 
royal ty-free nonexclusive l icenses  fo r  its commerc ia l  u se  will be available. 
Inquiries concerning l icense r ights  should be made to  National Aeronautics 
and Space Administration, Code AGP, Washington, D. C. 20546. 

NASA encourages the immediate commercial  u se  of this  invention. 
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